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The nature and timing of caregivers’ speech provides an important foundation for infant
attention and language development in the first year of life. Infant-directed speech is a key
component of responsive parent-infant communication that is typically characterised by
exaggerated intonation and positive affect. This study examines the effect of postnatal
depression on the expression of positive vocal affect and pitch, the quantity of mothers’
infant-directed speech input and the timing of vocal responses between mother and infant.
Postnatal mothers currently experiencing symptoms of depression (n = 13) were matched to
postnatal mothers who were not experiencing symptoms of depression (n = 13), and audio-
recorded while playing with their 6-month-old infants. Compared with depressed mothers,
non-depressed mothers used a higher mean pitch and pitch range, spoke more, gave faster
verbal responses and were rated as expressing more positive valence in their voice. These
preliminary findings indicate that mothers experiencing low mood use less infant-directed
speech and less exaggerated pitch with prelinguistic infants. Postnatal depression is a
major health issue that adversely impacts the parent and child. Early interventions for PND
may benefit from identifying ways to support the timing of conversations and mothers’ use of
appropriate vocal pitch and infant-directed speech modifications. Further research is
needed to confirm whether these strategies support early conversations.
Introduction
Before infants utter their first words, they are learning the protocols of social interaction
through the daily experiences they have with their caregivers [1]. Spontaneous social
exchanges play an important role in scaffolding early speech. Infant-directed speech (IDS) is a
key component of face-to-face interactions in early infancy and is produced (mostly uncon-
sciously) by caregivers in the presence of an infant [see 2,3]. IDS is characterised by a sing-
song pitch, generally carried by an exaggerated prosody (fundamental frequency) in IDS com-
pared to the more monotone style used to talk to other adults [3,4]. The exaggerated pitch in
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IDS functions to communicate affect, promote social interaction [3,5,6], and engage and sus-
tain infant attention [4,7]. The importance of IDS has been demonstrated empirically in stud-
ies showing that infants who are not exposed to highly intonated IDS engage less in sustained
social interactions; and that infants who experience less IDS input show poorer language
development by the second year of life [8–10]. Neurophysiological studies provide further evi-
dence that exposure to prosodic exaggerations in IDS is positively associated with early com-
municative development. For example, one study showed that experience with responsive
maternal interactions including IDS with heightened vocal emotion scaffolds general learning
mechanisms in young infants [11]. Another showed that by 7-months of age, infants that are
exposed to happy emotional prosody show increased neural responses in a voice-sensitive
region in the right hemisphere of the brain [12]. Thus, experience with prototypical IDS pros-
ody and vocal affect not only elicits greater responsiveness from the infant [13], but also fosters
a positive interactive loop of social interaction between mother and child [2,6,14] which in
turn scaffolds infant vocal communication [15–18], and supports healthy brain development.
Postnatal depression (PND) is a mild to moderate non-psychotic depressive episode, with
an estimated prevalence of 10–13% in high-income countries [19,20], and 20% in low- to mid-
dle-income countries [21,22]. PND is a global public health issue [21] and leading source of
poor health in Australian women [23]. It is well known that PND places significant burden on
sufferers, in addition to negatively impacting on parenting capacity [24] and on infants in
physical, emotional and cognitive domains [25]. While genetic and epigenetic factors have
been implicated as mechanisms linking PND with poor child outcomes, lowered maternal sen-
sitivity due to maternal depression symptoms are thought to be key [25].
The quality of maternal vocalisations are known to be a key element of maternal sensitivity
[26–28], however, only a few studies have specifically examined links between IDS and PND.
To understand the extent to which acoustic characteristics of IDS are affected by the emotional
state of the mother, Bettes and colleagues studied a sample of 36 postnatal mothers with self-
reported depression symptoms and showed them to have a flatter pitch when speaking to their
infants at 3–4 months postpartum [29]. Mothers with elevated depression symptoms also dis-
played slower responses to infant vocalisations [29]. In 2001 Kaplan and colleagues similarly
observed a flattened vocal pitch among a sample of 50 mothers at 4–12 months postpartum
when mothers were asked to encourage the infant to play with a soft toy using the phrase “pet
the gorilla” [30]. Notably, mothers in remission from PND expressed a similar fundamental
frequency (pitch) to non-depressed mothers [30], which indicates that the effects of PND on
IDS can be reduced when depressive symptoms are reduced. Most recently, in a sample of 281
families with infants aged 3–14 months, Porritt and colleagues [31] showed that mothers with
clinically diagnosed PND produced a smaller pitch range than mothers diagnosed with PND
in partial remission, and that deficits in pitch range were not well predicted by elevated self-
report scores alone, or by diagnosed anxiety disorders. Together, the studies by Bettes et al.
[29], Kaplan et al. [30] and Porritt et al. [31] are important because they demonstrate links
between PND and diminished pitch variation, particularly in IDS within structured play con-
texts when lexical content and the type of interaction are afforded greater control.
There is also evidence of differences in the content of the IDS words spoken between moth-
ers with, and mothers without, PND. Herrera and colleagues recorded maternal speech to 6-
and 10-month-old infants and classified it into two categories: affect-salient (content words
were expressive of feelings) or information-salient (content was object-oriented) [32]. In this
study, mothers experiencing depression produced less affective and informative lexical content
while speaking to their 6-month old infants, compared to control mothers. Furthermore, PND
mothers’ affective speech content showed little change from 6 to 10 months [32], indicating
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that mothers were less likely to talk about feelings and adapt their speech to infant develop-
mental needs compared to their non-depressed counterparts.
Taken together, the evidence suggests that American and British mothers experiencing
PND speak to their infants with less vocal pitch variation [29–31], poorer temporal responses
to infant cues [29] and fewer affective or informative words in IDS [32]. There have been no
studies, however, that have compared mothers with, and mothers without, PND in terms of
the quality of affective intent of IDS, a distinguishing IDS feature known to support mother-
infant social interaction and express communicative intent [33]. In normative samples, the
affective quality of IDS has been studied. Mothers have been shown to adapt the expression of
affect in IDS, with their speech judged by naïve raters as sounding predominately “comforting
or soothing” at birth, “approving” at 6 months and “directive” around 9 months [5]. Notably,
infant preferences for affective intent adapt across the first year of life, and infant responses
have been shown to match the affective intent types that dominate mothers’ speech at 3, 6 and
9 months [6]. Given that mothers’ adaptive use of IDS prosody and affective intent appear to
support infants’ predisposition to attend to IDS, it is vital that IDS of mothers with PND is
empirically examined not only in terms of pitch modifications and affective content, but also
with respect to the expression (and perception) of vocal affect.
A final aspect of IDS that has not been well investigated in PND samples is that of vocal
turn taking. ‘Synchrony’, a term often used to describe the interactive and attuned ‘dance’
between a mother and infant, expressed in coordinated exchanges of emotion, facial expres-
sion, bodily movements and vocal turn taking, is known to play a vital role in healthy infant
development [34,35]. While there have been many studies examining vocal turn taking in
mothers and young infants [36,37], little is known about vocal turn taking in the IDS of moth-
ers with PND. In one study, mothers with elevated PND symptoms were shown to display less
affective and behavioural synchrony with their infants than non-symptomatic mothers [38]
but more work is required to better understand how the experience of PND influences the
quality and timing of mother-infant vocalisations.
Gaining better understanding the effects of PND on IDS pitch, vocal affect and mother-
infant vocal turn-taking behaviours will provide new insight into components of the early
social environment that would benefit from increased support to mitigate the effects of PND
before infants develop poor outcomes. To this end, the current study compared acoustic, per-
ceptual, temporal and quantitative measures of IDS (pitch, ratings of vocal affect, number of
words, and vocal response timing), and the quantity of infant vocalisations in infants aged
around 6-months. Infants aged 6 months were studied because the first 6 months is when
infants typically spend most of their waking time with maternal caregivers who may be
experiencing the negative symptoms associated with PND. The first 6 months are also a period
when IDS pitch exaggerations are most pronounced [5], and the pattern of turn-taking cues
that mothers provide shape the emergence of babble [39]. Critically, there is evidence that the
timing of mothers vocal responses influences the complexity of infant babble before first
words emerge [15,16] thus providing a foundation for later language development [40]. Given
previous evidence of flatter pitch [29,31], and less affective content words [32] among mothers
with PND, we hypothesised that compared to mothers without PND, mothers with PND
would show reduced acoustic quality (pitch exaggeration), a reduced number of vocalisations
and less positive vocal affect, and a difference in the timing of vocal responses following infant
vocalisations. Since maternal speech input has been shown to influence infant babble
[15,16,39], we hypothesised that the frequency of infant vocalisations would emerge later due
to less exposure to IDS.
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Materials and methods
All procedures were approved by the Human Research Ethics Committee at Western Sydney
University and South West Sydney Local Health District. In accordance with the ethics
approval, all mother’s provided written and oral consent prior to participating in the study
with their infant.
Participants
Participants were 26 mothers and their infants (n = 13 PND group, n = 13 non-PND group),
recruited from two sites) the Karitane residential parenting centre, a 4 to 5 day residential par-
ent-infant program for unsettled infant behaviour in Sydney Australia, and 2) MARCS Institute
BabyLab at Western Sydney University. Four infants in the PND group were recruited through
the MARCS Institute BabyLab site after scoring>12 on the Edinburgh Postnatal Depression
Scale and having an infant aged 4–7 months. Participants from the Karitane residential parent-
ing program sample were selected for the current study if the mother scored>12 on the Edin-
burgh Postnatal Depression Scale (EPDS) [41] and the infant was aged 4–7 months. The EPDS
is a 10-item questionnaire originally developed to assist in identifying possible symptoms of
depression in the postnatal period. It is routinely used in antenatal and perinatal care in Austra-
lia and has adequate sensitivity and specificity to identify depressive symptoms using a research
cut-off> 12 [42]. Mothers rated how they felt in the previous 7 days from “as much as I always
could” to “not at all”. Participants from the MARCS Institute BabyLab sample were selected for
the current analysis as the non-PND control group (matched for infant age and sex) if the
mother scored< 8 on the EPDS. All mothers were primary caregivers, spoke English, were pri-
marily Caucasian in appearance and resided in the Sydney metropolitan area; infants were pri-
marily first born and reported to be healthy with no remarkable medical conditions. Additional
characteristics of the sample are shown in Table 1. It should be noted that two additional
mother-infant pairs were tested in the PND group, but one mother intermittently hummed and
did not produce spontaneous speech, and another did not produce any speech during the play
session, thus were excluded from the PND sample and were not matched to a non-PND dyad.
Procedure
Mother-infant dyads were audio-recorded during an unstructured free play session in a quiet
room at MARCS Institute BabyLab or the Karitane residential parenting centre. Unstructured
free play was used to provide caregivers with ample opportunity to spontaneously interact
with their child and choose how they play with the available toys. For the free play session, a
small selection of age appropriate toys and books were made available for parents and the
mothers were asked to “play and spend time with (baby’s name) as you normally would at
home” for approximately 5 minutes.
Data extraction for acoustic analyses
To ensure acoustic analyses were performed on IDS containing active vocal interaction from
across the play session [29], a series of audible IDS utterances were concatenated into a 30 sec-
ond sample for each mother. Speech was segmented from the 2nd, 3rd and 4th minute of the
interaction (after reducing silences >500ms, segments that were sung, whispered, interrupted
or overlapped with non-speech sounds e.g., clapping, or patting toys) until 10-seconds of voca-
lisations was extracted for each mother using Praat Acoustical Analysis computer software
[43]. Thus a global measure of fundamental frequency (F0) was calculated from clear and audi-
ble utterances extracted from the beginning of the first utterance, to the offset of the utterance
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in each 10 second segment. Mean F0 was averaged over the pitch cycles between onset and off-
set markers, and range F0 was defined as the difference between the maximum and minimum
F0 points between the onset and offset markers for each segment.
Frequency of vocalisations and maternal temporal responses
The frequency of vocalisations for mother and infant were annotated manually in Praat soft-
ware to extract the number of words spoken by the mother and the infant across the unedited
mid 3-minutes of the 5-minute free play session. The first minute of the play session was
excluded because many of the mothers reiterated variations of the instruction that they were
given “to play” with their baby to avoid inflating the vocalisation count for both groups. The
last minute was excluded from the vocalisation counts because some infants became increas-
ingly fussy (3 from the PND group, 4 from the non-PND group), or their mothers stopped
talking during the 4th minute of interaction (3 mothers in the PND sample). The frequency of
infant vocalisations included all vocal attempts (cries, vowel sounds, or babble), but excluded
breathing sounds [29], because early speech like vocalisations provide the foundation for later
speech production [44].
Table 1. Demographic data for mother-infant participants for the PND and non-PND group.
PND (n = 13) Non-PND (n = 13)
Mean (SD) Mean (SD)











Infant Age (weeks) 23 (5.2) 25 (1.89)




Single parent 3 0
Caucasian 10 11
Other 3 2
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Maternal speech response was defined as the time it took a mother to respond to each infant
vocal attempt (in milliseconds) in the 3-minute audio recording used to extract vocalisation
counts. Maternal response time was annotated as a “response” if it occurred within 2 seconds
of the offset of the infant’s last vocalisation, following evidence that responses that occur within
2-seconds provide optimal support to social interactions [45]. Occasions in which mothers’
vocalisations began prior to the offset of the infant vocalisation were classified as overlap, and
an overlap count was recorded.
Interrater reliability checks were performed on 50% of randomly selected cases by a rater
masked to participant group and specific hypotheses of the study. Reliability estimates (kappa)
were .96, .84, .84 and .91 for maternal word count, infant word count, maternal response time
and overlapping speech count, respectively.
Affective intent
In line with previous IDS affect ratings studies [5,46], following the initial 60-second warm-up
period 25 seconds of speech was sampled from each recording by extracting and concatenating
each successive utterance that did not contain background noise or non-speech sounds (e.g.,
microphone bumped, clapping etc.); and reducing long pauses to 1.5 seconds to remove any
prolonged silences from the speech sample. To ensure the segmental content of the speech
samples would not influence participant ratings, speech recordings were low-pass filtered at
450 Hertz in Praat [43] deeming the content unintelligible while leaving the prosody, perceived
as pitch, intact. Twenty-three undergraduate Psychology students at Western Sydney Univer-
sity rated the low-pass filtered speech samples for affective intent. The students received course
credit toward their 1st year Psychology subject in return for completing the ratings task. The
majority of raters were female (83%) and born in Australia (70%; n = 4 born in south east Asia,
n = 3 born in the Middle East). They had a mean age of 21 years (range 18–33 years) with an
average of 4 years experience caring for children <5 years of age at study participation (range
0–14 years experience of caregiving). All raters had normal or corrected-to-normal visual acu-
ity, and did not report any hearing loss. Ratings were completed using a laptop computer
installed with MARCS Institute BabyLab’s 2 dimensional emotional space (2DES) software,
that indicates the level of valence (affect) and arousal in the IDS recordings (see Fig 1). Ratings
were made after listening to low-pass filtered IDS examples exhibiting different levels of affec-
tive intent [6] through headphones (so ratings were based on intonation and not semantic
content). All raters completed four practice trials before the 26 test trials (one from each
mother). The 2DES rating software automatically randomised stimulus presentation for each
participant. Ratings were made by moving the mouse cursor around an x-y axes for the dura-
tion of the trial (~25 seconds) to indicate the level of i) Valence on the x-axis (from low nega-
tive = sadness to high positive = happiness), and ii) Arousal on the y-axis (from low = calmness
to high = excitement). Ratings took approximately 20 minutes. Ratings of affective intent for
each mother were averaged across raters for the emotional valence and emotional arousal
scale.
Data analysis plan
Inspection of the demographic characteristics detailed in Table 1 indicated that PND versus
non-PND groups were comparable in terms of infant age, sex or parity, maternal age, cultural
appearance, and relationship status. Planned comparisons [47], defined a priori and indepen-
dently of the data, were performed using two tailed independent samples t-tests not corrected
for multiple comparisons to test our hypotheses that: mothers with PND would produce con-
straints in measures of vocal F0, the quantity of IDS, quantity of infant vocalisations and
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mother’s vocal response time to infant vocalisations compared to mothers without PND. An
independent samples t-test was used to test whether ratings of positive vocal affect were greater
for mothers in the non-PND compared to PND group. Summary data underlying the acoustic




Compared to mothers in the non-PND group, mothers in the PND group were shown to
express a statistically significant difference in mean F0 (t = 2.22, df = 24, p = 0.036, Cohen’s d
.86), maximum F0 (t = 4.40, df = 24, p = 0.01, Cohen’s d 1.73) and F0 range (t = 4.40, df = 24,
p = 0.01, Cohen’s d 1.73). Mean F0, maximum F0 and F0 range were lower in mothers
experiencing PND symptoms than non-PND mothers (as shown in Table 2). There was no dif-
ference between groups in terms of minimum pitch (p = .09, Cohen’s d 0.03).
Frequency of vocalisations and maternal response latency
Compared to mothers in the non-PND group, mothers in the PND group spoke significantly
fewer words (t = 7.04, df = 24, p = <0.001, Cohen’s d 2.76) and their infants made fewer vocali-
sations (t = 2.45, df = 24, p = .022, Cohen’s d 0.95). With respect to maternal vocal response
timing, mothers in the non-PND group vocalised faster than those in the PND-group follow-
ing on from infant vocalisations (t = -3.03, df = 24, p = .006, Cohen’s d -1.19); and non-PND
mothers produced more speech overlaps with their infants (t = 2.07, df = 24, p = .049, Cohen’s
Fig 1. The 2DES software in use, participants move the mouse cursor across the x-y axis to rate the level of arousal
and valence.
https://doi.org/10.1371/journal.pone.0236787.g001
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d 0.98). Cohen’s d calculations indicated large effects for all measures accept minimum F0,
which did not differ statistically between groups, as shown in Table 2.
Affective intent
As shown in Fig 2, naïve adults rated IDS affective quality differently for the PND and non-
PND groups. Specifically, the IDS of mothers in the non-PND group was perceived to have a
larger degree of positive emotional valence (happiness-sadness) (t = 4.067, df = 22, p = 0.001)
95% CI [5.62, 8.31] and greater level of arousal (excitement-calm) (t = 3.785, df = 22,
p = 0.001) 95% CI [5.62, 8.31] (see Fig 2).
Discussion
This preliminary study tested whether measures of vocal pitch (F0), affective intent, number of
maternal vocalisations, number of infant vocalisations, and maternal response latency follow-
ing infant vocalisations differ in IDS of mothers with elevated symptoms of PND and a
matched sample without PND. As hypothesised, infants with mother’s experiencing PND had
evidently different social interactions to peers with non-PND mothers. Specifically, the vocal
environment of 6-month old infants in the PND group showed less pitch variation, a reduction
in the expression of IDS positive affect, fewer vocalisations on the part of both mother and
Table 2. Descriptive statistics, statistical results, significance levels and 95% confidence intervals are shown for measures of fundamental frequency (F0), word
counts, and vocal response latency in the PND-group and non-PND group with n = 13 in each group.
NON-PND Group Mean (SD) PND Group Mean (SD) t p 95% CI
Mean F0 IDS (hertz) 289 (28) 251 (56) 2.22 .036� 2.73, 73.95
Minimum F0 IDS (hertz) 113 (37) 112 (31) .088 .09 -26.63–28.63
Maximum F0 IDS (hertz) 571 (46) 444 (93) 4.40 .01�� 67.15, 185.79
F0 Range IDS (hertz) 458 (65) 332 (80) 4.40 .01�� 66.5, 184.10
Maternal Word Count 316 (56) 160 (57) 7.04 001�� 110.25, 201.75
Child Vocal Count 17 (10) 8 (9) 2.46 .001�� 1.45, 16.71
Maternal Vocal Response Time (ms) 261 (203) 617 (371) -3.03 .022� -597.22, -113.61
Mother-infant Overlap Count 9 (4) 4 (6) 2.02 .049� .017, 10.60
�Indicates statistical significance at p< 0.05
��Indicates statistical significance at p� 0.01.
https://doi.org/10.1371/journal.pone.0236787.t002
Fig 2. Mean ratings of arousal and valence in mother’s low pass filtered IDS using the 2DES model. Error bars indicate standard error of the mean.
https://doi.org/10.1371/journal.pone.0236787.g002
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infant, less speech overlap, and slower vocal responses by the mother following an infant
vocalisation.
Mothers with elevated PND symptoms spoke with a lower F0 and less F0 variation, two fea-
tures that are exaggerated in prototypical IDS [3,4], and known to engage and maintain infant
attention to speech [4,7]. Results of this study concur with findings that American and British
mothers with PND speak with a smaller pitch range than non-PND mothers in brief [29] and
structured play sessions with 3–14 month old infants [30,31]. They also support previous find-
ings that Australian mothers exaggerate F0- mean and range during short play sessions with
6-month old infants [5,48]. In this study, mothers were audio recorded in a free play session
and did not have to “perform” in a structured manner. Thus, despite showing a reduction in
F0 at the group level, the F0 range for both groups in the current study are higher than other
studies in which mothers were asked to play with a set of provided toys during a “play session”
[31,48,49]. Indeed, prior studies instructing mothers to produce a set of target utterances to
initiate play show an increase in pitch when mothers ask their infant to “pet” a toy [50], or
read three utterances from a book [51]. Despite group differences in mothers F0, it should be
noted that the PND mothers did not produce “flat” speech, rather, they produced less exagger-
ated F0 compared to the non-PND group. Given this is a relatively low-risk sample, we would
expect more profound effects in cases of more severe and chronic depression.
This study provides new evidence that mothers experiencing PND symptoms express less
vocal energy while engaging in spontaneous play with prelinguistic infants. The quality of
affective intent expressed in low-pass filtered IDS samples from mothers with elevated PND
symptoms was rated as less arousing and expressing less positive emotional valence compared
to mothers who were not experiencing symptoms of PND. This shows that untrained adults
naïve to the mental health of the speaker can hear noticeable differences in mother’s IDS.
These findings extend previous evidence that non-PND mothers adapt positive affective intent
when speaking with prelinguistic infants [5] and suggest that the heightened positive affect
that is carried in IDS is affected not only by infant responsiveness [6], but also by maternal
mood state.
Mothers in the PND group said fewer words during free play with their infant, suggesting
that mothers experiencing PND provide less communicative input to their infants. This find-
ing is important because exposure to speech, and the level of involvement that infants have
with early conversations is associated with early language development [8,10,15,16,18]. Provid-
ing prelinguistic infants with sensitively timed conversational turns offers a source of positive
reinforcement for infant vocal expressions and engages infants in social interaction
[2,3,27,52,53]. Examination of vocal response time revealed that, similar to Bettes (1988),
mothers experiencing PND took longer to speak following infant vocalisations compared to
the non-PND group. The results also concur with findings that the timing of maternal vocal
responses following the offset of child vocalisations is slower with pre-school aged children
when mothers experience depression [54]. Interestingly, mother-infant dyads in the PND
group produced less speech overlaps, which implies that divergent vocal patterns are emerging
in early infancy in relation to the frequency and timing of maternal speech input. The rate of
overlap in the non-PND group was comparable to longitudinal evidence that 40% of infant
vocalisations occur in overlap with maternal speech between 3–5 months of age [39]. Thus the
delayed vocal responses and reduced speech overlaps appears characteristic of the decreased
energy associated with PND.
The finding that the number of vocalisations produced by infants of non-PND mothers
almost doubled the vocalisations of infants in the PND group contributes new evidence that
PND adversely affects early proto conversations [44]. The present study is cross-sectional and
so does not directly test whether IDS of PND mothers predicts poor language outcomes.
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Findings do, however, highlight the importance of evaluating the prelinguistic environment of
infants as part of wider care for mothers’ with PND, and confirm the need for further longitu-
dinal research that tests whether decreased vocal affect and pitch modulation in the prelinguis-
tic period is directly related to early language outcomes. Future work should also collect
additional socio-economic status information, to directly test the extent to which socio-eco-
nomic status predicts language development.
The current study had a number of strengths including use of a PND sample of mothers
with elevated PND symptoms currently attending a residential parenting centre compared to
non-PND controls residing in the same metropolitan area (matched for infant age and sex,
and comparable in maternal age, ethnicity, and maternal relationship status). It also extends
evidence on the most commonly reported IDS feature F0; provides new evidence that IDS
affective intent is less exaggerated by mothers experiencing PND symptoms; and demonstrates
differences in the amount of vocalisations, and speech timing of the mother and infant in the
prelinguistic period.
A number of study limitations, however, must be acknowledged. First, the sample size was
small and recordings were conducted in a laboratory play room or playroom at a parent ser-
vice, thus results should be interpreted with caution. Second, the population sampled may not
be fully representative of the general category of depressed mothers as the majority of the PND
group were attending a service for sleep and settling issues. This is important, because the dif-
ferences in mothers’ speech input observed in this study might be related to aspects of the
behaviour of the infants in the PND group rather than the PND symptoms. Finally, the free
play sessions were unstructured and mothers were instructed to interact as they “normally
would at home”. While it may be argued that a structured task can increase the comparability
of the play sessions between groups [11,30,31], the spontaneous nature of the free play was
employed to increase the opportunity for mothers to instinctively modulate their vocal pitch
and remove any expectations they may have on how much they should speak to their infants.
We believe the nature of the play session, thus, contributed to the differences shown in mea-
sures of the acoustic and affective quality of IDS, and the number of vocalisations made by the
mother and the infant. Future research should heed this design and increase the ecological set-
tings in which research is conducted.
In conclusion, this preliminary study provides new evidence that mothers with elevated
PND symptoms express marked differences in IDS to prelinguistic infants; mothers produced
less modulation in vocal pitch, less positive vocal affect, and spoke less to their infants during
spontaneous free play. Infants of mothers with elevated PND symptoms made less vocalisations
with their mothers, who were slower to respond to their vocalisations than non-PND mothers.
Our findings suggest mothers experiencing PND symptoms express less IDS modifications in
face-to-face interactions in the first half year of life. Notably, these differences were observed in
components that have recently been shown to enhance early language abilities in intervention
studies with non-PND mothers [8,10], such as modulated IDS pitch and the timing of vocal
responses. Given that PND affects many aspects of a person’s behaviours, strategies to increase
mother’s energy levels and encourage short, responsive social interactions to encourage
increased vocal participation by infants may help minimise negative outcomes associated with
reduced interaction in the first year of life. Further research is essential to confirm whether
these differences endure, and identify how to best support such strategies in early interventions.
Acknowledgments
We thank the families that participated in this study, the student raters, and Isabel Lopez for
reliability coding.
PLOS ONE Effect of maternal depression on IDS
PLOS ONE | https://doi.org/10.1371/journal.pone.0236787 July 30, 2020 10 / 13
Author Contributions
Conceptualization: Christa Lam-Cassettari, Jane Kohlhoff.
Data curation: Christa Lam-Cassettari, Jane Kohlhoff.
Formal analysis: Christa Lam-Cassettari, Jane Kohlhoff.
Funding acquisition: Christa Lam-Cassettari, Jane Kohlhoff.
Methodology: Christa Lam-Cassettari.
Project administration: Christa Lam-Cassettari.
Supervision: Christa Lam-Cassettari.
Writing – original draft: Christa Lam-Cassettari.
Writing – review & editing: Christa Lam-Cassettari, Jane Kohlhoff.
References
1. Trevarthen C. The concept and foundations of infant intersubjectivity. Intersubjective Commun Emot
Early Ontog. 1998; 15–46.
2. Saint-Georges C, Chetouani M, Cassel R, Apicella F, Mahdhaoui A, Muratori F, et al. Motherese in
Interaction: At the Cross-Road of Emotion and Cognition? (A Systematic Review). PLOS ONE. 2013; 8:
e78103. https://doi.org/10.1371/journal.pone.0078103 PMID: 24205112
3. Golinkoff RM, Can DD, Soderstrom M, Hirsh-Pasek K. (Baby)Talk to Me: The Social Context of Infant-
Directed Speech and Its Effects on Early Language Acquisition. Curr Dir Psychol Sci. 2015; 24: 339–
344. https://doi.org/10.1177/0963721415595345
4. Spinelli M, Fasolo M, Mesman J. Does prosody make the difference? A meta-analysis on relations
between prosodic aspects of infant-directed speech and infant outcomes. Dev Rev. 2017; 44: 1–18.
https://doi.org/10.1016/j.dr.2016.12.001
5. Kitamura C, Burnham D. Pitch and Communicative Intent in Mother’s Speech: Adjustments for Age and
Sex in the First Year. Infancy. 2003; 4: 85–110. https://doi.org/10.1207/S15327078IN0401_5
6. Kitamura C, Lam C. Age-Specific Preferences for Infant-Directed Affective Intent. Infancy. 2009; 14:
77–100. https://doi.org/10.1080/15250000802569777 PMID: 32693467
7. Fernald A, Simon T. Expanded intonation contours in mothers’ speech to newborns. Dev Psychol.
1984; 20: 104–113. https://doi.org/10.1037/0012-1649.20.1.104
8. Ramı́rez-Esparza N, Garcı́a-Sierra A, Kuhl PK. Look who’s talking NOW! Parentese speech, social con-
text, and language development across time. Front Psychol. 2017; 8. https://doi.org/10.3389/fpsyg.
2017.01008 PMID: 28676774
9. Ramı́rez-Esparza N, Garcı́a-Sierra A, Kuhl PK. The Impact of Early Social Interactions on Later Lan-
guage Development in Spanish-English Bilingual Infants. Child Dev. 2017; 88: 1216–1234. https://doi.
org/10.1111/cdev.12648 PMID: 27759883
10. Ferjan Ramı́rez N, Lytle SR, Kuhl PK. Parent coaching increases conversational turns and advances
infant language development. Proc Natl Acad Sci. 2020; 117: 3484–3491. https://doi.org/10.1073/pnas.
1921653117 PMID: 32015127
11. Kaplan PS, Danko CM, Diaz A, Kalinka CJ. An associative learning deficit in 1-year-old infants of
depressed mothers: Role of depression duration. Infant Behav Dev. 2011; 34: 35–44. https://doi.org/10.
1016/j.infbeh.2010.07.014 PMID: 21071090
12. Grossmann T, Oberecker R, Koch SP, Friederici AD. The Developmental Origins of Voice Processing
in the Human Brain. Neuron. 2010; 65: 852–858. https://doi.org/10.1016/j.neuron.2010.03.001 PMID:
20346760
13. Werker JF, McLeod P. infant preference for both male and female infant-directed talk: a developmental
study of attentional and affective responsiveness. Can J Psychol. 1989; 43: 230–246. https://doi.org/10.
1037/h0084224 PMID: 2486497
14. Fox SE, Levitt P, Nelson CA III. How the Timing and Quality of Early Experiences Influence the Devel-
opment of Brain Architecture. Child Dev. 2010; 81: 28–40. https://doi.org/10.1111/j.1467-8624.2009.
01380.x PMID: 20331653
PLOS ONE Effect of maternal depression on IDS
PLOS ONE | https://doi.org/10.1371/journal.pone.0236787 July 30, 2020 11 / 13
15. Goldstein MH, King AP, West MJ. Social interaction shapes babbling: Testing parallels between bird-
song and speech. Proc Natl Acad Sci. 2003; 100: 8030–8035. https://doi.org/10.1073/pnas.
1332441100 PMID: 12808137
16. Goldstein MH, Schwade JA. Social Feedback to Infants’ Babbling Facilitates Rapid Phonological Learn-
ing. Psychol Sci. 2008; 19: 515–523. https://doi.org/10.1111/j.1467-9280.2008.02117.x PMID:
18466414
17. Warlaumont AS, Richards JA, Gilkerson J, Oller DK. A Social Feedback Loop for Speech Development
and Its Reduction in Autism. Psychol Sci. 2014; 25: 1314–1324. https://doi.org/10.1177/
0956797614531023 PMID: 24840717
18. Warlaumont AS, Finnegan MK. Learning to Produce Syllabic Speech Sounds via Reward-Modulated
Neural Plasticity. Verguts T, editor. PLOS ONE. 2016; 11: e0145096. https://doi.org/10.1371/journal.
pone.0145096 PMID: 26808148
19. Gavin NI, Gaynes B. N, Lohr K. N., Meltzer-Brody S., Gartlehner G., Swinson T. Perinatal Depression:
A Systematic Review of Prevalence and Incidence. Obstet Gynecol. 2005; 106: 1071–1083. https://doi.
org/10.1097/01.AOG.0000183597.31630.db PMID: 16260528
20. O’hara MW, Swain AM. Rates and risk of postpartum depression—a meta-analysis. Int Rev Psychiatry.
1996; 8: 37–54. https://doi.org/10.3109/09540269609037816
21. Fisher J, Cabral de Mello M, Patel V, Rahman A, Tran T, Holton S, et al. Prevalence and determinants
of common perinatal mental disorders in women in low- and lower-middle-income countries: a system-
atic review. Bull World Health Organ. 2012; 90: 139G–149G. https://doi.org/10.2471/BLT.11.091850
PMID: 22423165
22. Gelaye B, Rondon MB, Araya R, Williams MA. Epidemiology of maternal depression, risk factors, and
child outcomes in low-income and middle-income countries. Lancet Psychiatry. 2016; 3: 973–982.
https://doi.org/10.1016/S2215-0366(16)30284-X PMID: 27650773
23. Ogbo FA, Eastwood J, Hendry A, Jalaludin B, Agho KE, Barnett B, et al. Determinants of antenatal
depression and postnatal depression in Australia. BMC Psychiatry. 2018; 18: 49. https://doi.org/10.
1186/s12888-018-1598-x PMID: 29463221
24. Murray L, Cooper P, Fearon P. Parenting difficulties and postnatal depression: implications for primary
healthcare assessment and intervention. Community Pract J Community Pract Health Visit Assoc.
2014; 87: 34–38.
25. Stein A, Pearson RM, Goodman SH, Rapa E, Rahman A, McCallum M, et al. Effects of perinatal mental
disorders on the fetus and child. The Lancet. 2014; 384: 1800–1819. https://doi.org/10.1016/S0140-
6736(14)61277-0
26. Biringen Z. The universal language of love. Boulder, CO, USA: EA Press; 2009.
27. Jaffe J, Beebe B, Feldstein S. Rhythms of Dialogue in Infancy: Coordinated Timing in Development.
2001; 66: 1–149.
28. Schlansker JT. Maternal sensitivity: Vocalization during infant feedings. J Psychol. 1980; 105: 157–165.
https://doi.org/10.1080/00223980.1980.9915146 PMID: 7400984
29. Bettes BA. Maternal depression and motherese: Temporal and intonational features. Child Dev. 1988;
59: 1089–1096. https://doi.org/10.1111/j.1467-8624.1988.tb03261.x PMID: 3168616
30. Kaplan PS, Bachorowski J-A, Smoski MJ, Zinser M. Role of Clinical Diagnosis and Medication Use in
Effects of Maternal Depression on Infant-Directed Speech. Infancy. 2001; 2: 537–548. https://doi.org/
10.1207/S15327078IN0204_08
31. Porritt LL, Zinser MC, Bachorowski J-A, Kaplan PS. Depression Diagnoses and Fundamental Fre-
quency-Based Acoustic Cues in Maternal Infant-Directed Speech. Lang Learn Dev. 2014; 10: 51–67.
https://doi.org/10.1080/15475441.2013.802962 PMID: 24489521
32. Herrera E, Reissland N, Shepherd J. Maternal touch and maternal child-directed speech: effects of
depressed mood in the postnatal period. J Affect Disord. 2004; 81: 29–39. https://doi.org/10.1016/j.jad.
2003.07.001 PMID: 15183597
33. Fernald A. Approval and Disapproval: Infant Responsiveness to Vocal Affect in Familiar and Unfamiliar
Languages. Child Dev. 1993; 64: 657–674. https://doi.org/10.1111/j.1467-8624.1993.tb02934.x PMID:
8339687
34. Leclère C, Viaux S, Avril M, Achard C, Chetouani M, Missonnier S, et al. Why Synchrony Matters during
Mother-Child Interactions: A Systematic Review. Dekel S, editor. PLoS ONE. 2014; 9: e113571. https://
doi.org/10.1371/journal.pone.0113571 PMID: 25469637
35. Stern DN. The first relationship: Infant and mother. Cambridge, MA, US: Harvard University Press;
2004.
36. Rutter DR, Durkin K. Turn-taking in mother–infant interaction: An examination of vocalizations and
gaze. Dev Psychol. 1987; 23: 54–61. https://doi.org/10.1037/0012-1649.23.1.54
PLOS ONE Effect of maternal depression on IDS
PLOS ONE | https://doi.org/10.1371/journal.pone.0236787 July 30, 2020 12 / 13
37. Beebe B, Alson D, Jaffe J, Feldstein S, Crown C. Vocal congruence in mother-infant play. J Psycholin-
guist Res. 1988; 17: 245–259. https://doi.org/10.1007/BF01686358 PMID: 3411533
38. Field T, Healy B, LeBlanc WG. Sharing and synchrony of behavior states and heart rate in nonde-
pressed versus depressed mother-infant interactions. Infant Behav Dev. 1989; 12: 357–376. https://doi.
org/10.1016/0163-6383(89)90044-1
39. Hilbrink EE, Gattis M, Levinson SC. Early developmental changes in the timing of turn-taking: a longitu-
dinal study of mother–infant interaction. Front Psychol. 2015; 6. https://doi.org/10.3389/fpsyg.2015.
01492 PMID: 26483741
40. Oller DK, Eilers RE. The Role of Audition in Infant Babbling. Child Dev. 1988; 59: 441–449. PMID:
3359864
41. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 10-item Edin-
burgh Postnatal Depression Scale. Br J Psychiatry. 1987; 150: 782–786. https://doi.org/10.1192/bjp.
150.6.782 PMID: 3651732
42. Boyce P, Stubbs J, Todd A. The Edinburgh Postnatal Depression Scale: Validation for an Australian
Sample. Aust N Z J Psychiatry. 1993; 27: 472–476. https://doi.org/10.3109/00048679309075805
PMID: 8250792
43. Boersma P, Weenink D. Praat: doing phonetics by computer. 2018.
44. Oller DK. Production. Child phonology, Vol 1. Academic Press; 1980. pp. 93–112.
45. Van Egeren LA, Barratt MS, Roach MA. Mother–infant responsiveness: Timing, mutual regulation, and
interactional context. Dev Psychol. 2001; 37: 684–697. https://doi.org/10.1037//0012-1649.37.5.684
PMID: 11552763
46. Kondaurova MV, Bergeson TR, Xu H, Kitamura C. Affective Properties of Mothers’ Speech to Infants
With Hearing Impairment and Cochlear Implants. J Speech Lang Hear Res. 2015; 58: 590–600. https://
doi.org/10.1044/2015_JSLHR-S-14-0095 PMID: 25679195
47. Bird K. Analysis of Variance via Confidence Intervals. London; 2019. https://doi.org/10.4135/
9781849208598
48. Burnham D, Kitamura C, Vollmer-Conna U. What’s new, pussycat? On talking to babies and animals.
Science. 2002; 296: 1435. https://doi.org/10.1126/science.1069587 PMID: 12029126
49. Lam C, Kitamura C. Mommy, speak clearly: induced hearing loss shapes vowel hyperarticulation. Dev
Sci. 2012; 15: 212–221. https://doi.org/10.1111/j.1467-7687.2011.01118.x PMID: 22356177
50. Kaplan PS, Bachorowski J, Zarlengo-Strouse P. Child-directed speech produced by mothers with
symptoms of depression fails to promote associative learning in 4-month-old infants. Child Dev. 1999;
70: 560–570. https://doi.org/10.1111/1467-8624.00041 PMID: 10368910
51. Reissland N, Shepherd J, Herrera E. The pitch of maternal voice: a comparison of mothers suffering
from depressed mood and non-depressed mothers reading books to their infants. J Child Psychol Psy-
chiatry. 2003; 44: 255–261. https://doi.org/10.1111/1469-7610.00118 PMID: 12587861
52. Trevarthen C. The concept and foundations of infant intersubjectivity. Intersubjective Commun Emot
Early Ontog. 1998; 15–46.
53. Cohn Tronick. Mother-infant face-to-face interaction: influences bidirectional and unrelated to periodic
cycles in either partner’s behaviour. Dev Psychol. 1988; 24: 386–392.
54. Breznitz Z, Sherman T. Speech patterning of natural discourse of well and depressed mothers and their
young children. Child Dev. 1987; 58: 395–400. https://doi.org/10.2307/1130516 PMID: 3829785
PLOS ONE Effect of maternal depression on IDS
PLOS ONE | https://doi.org/10.1371/journal.pone.0236787 July 30, 2020 13 / 13
